We compared an enzymic test kit for determination of free fatty acids in serum (NEFA C-test, wAko) with two modifications of a chemical extraction procedure, i (Clin. Chim. Acta 43: 317-320, 1973) and ii (Gun. Chim. Acta 80: [327][328][329][330][331][332] 1977). All three procedures are specific for longand medium-chain fatty acids. Short-chain fatty acids, some keto acids, and phospholipids did not interfere. Added fatty acid was quantitatively accounted for in all methods. Results obtained with the enzymic method and II did not differ significantly, whereas the results by I were about10% lower. The concentration of NaCI in the copper reagent, but not the kind of solvent used to dissolve the standard, influenced the accuracy of the chemical methods. In the enzymic procedure, hydrolysis of triglycerides during incubation is unlikely to be the reason for too-high values. The precision of all three procedures is acceptable for use in clinical laboratories. 
"kit" methods
Most procedures for determining free fatty acids (FFA) in serum involve chemical and enzymic coborimetry, because no special equipment or skilled personnel are necessary. The chemical methods are inexpensive but have the general disadvantage of potential interferences by compounds that are not fatty acids. A recently developed specific and precise enzymic method (1) gives results that correlate well with those obtained by a colorimetric procedure, but are approximately 20% higher. This difference, ascribed to degradation of lipids during the incubation with the enzymic reagent, may suggest that the enzymic method is inaccurate (1).
When we evaluated a test kit for the enzymic determination of FFA, we also obtained 10 to 20% higher values than those obtained by the chemical method of Noma et al. (2) , but found that the chemical method rather than the enzymic method was inaccurate. CoA is blocked with maleimide after the first step. Our study, reported here, reveals the inaccuracies of the enzymic method and of both modifications of a chemical method.
MaterIals and Methods

Enzymic methods.
The enzymic reagent was obtained as a commercial kit (NEFA C-test; WAKO Industries Ltd., Higaski-Ku, Osaka, Japan). Two reagents are used in this assay.
Reagent A contains 300 U of acyl CoA synthetase, 1500 U of ascorbic acid oxidase, 5 mmol of ATP, 0.9 mmol of CoA, 1.5 mmol of 4-aminoantipyrine, 3 mmol of MgC12, and 2 g of Triton X-100 per liter of phosphate buffer (50 mmol/L, pH 6.9) . The ascorbic acid oxidase eliminates interference by ascorbic acid. Reagent B contains 6600 U of acyl CoA oxidase, 3700 U of peroxidase, 1 mmol of 3-methyl-N-ethyl-N-(flhydroxyethyl) aniline, and 10 mmol of maleimide per liter of Triton X-100 solution (1 gfL).
We incubated 25 oL of sample with 0.5 mL of reagent A for 10 mm at 37 #{176}C, then added 1 mL of reagent B and 10 mm later measured the absorbance of the test sample vs a blank at 550 nm. In some experiments we modified our procedure, incubating 100 1zL of a sample with 0.5 mL of reagent A for 10 mm, then adding 1.5 mL of modified reagent B (original reagent B/water, 2/1 by vol) and incubating the tubes at 37 #{176}C for 20 min before measuring absorbances. For both methods we used as color reagent a 10-mg solution of 1-(2-thiazolylazo)-2-naphthol (TAN, no. 13152; BDH, Poole, U.K.) in 100 mL of ethanol. The TAN was dissolved by stirring overnight. This reagent was used for one month. We stored it at room temperature and avoided exposure to daylight.
In the procedure of Noma et al., we extracted 0.1 mL of serum with 3 mL of that extraction solvent and 1 mL of the copper reagent in stoppered glass tubes (9 X 1.5 cm) by thoroughly shaking the tubes vertically by hand for 5 mm. We centrifuged the tubes for 5 mm at 2000 X g and aspirated 2 mL of the upper layer with a rubber-bulb pipette, without touching the inner wall of the tube. We added 0.5 mL of TAN solution and measured the absorbance at 570 run after 5 mm. For precise results in the chemical procedures, we consider it of utmost importance to keep the glass tubes and pipets used in the extraction step apart from those used in the color reaction. This way it is not necessary to wash the glassware with a bichromate sulfuric acid mixture (4) or with nitric acid (5); washing the tubes after soaking them in a detergent overnight, cleaning them with a brush, and rinsing twice with distilled water suffices.
Standards.
Standards were dissolved in extraction solvent.
Before analysis by the chemical methods we evaporated the solvent under a stream of air, added 0.1 mL of distilled water to the residue, and extracted as described for serum.
Various fatty acids (P-L Biochemicals, Inc., Milwaukee, WI 53205) were dissolved by stirring the fatty acids for 24 h in water containing 0.24 g of Triton X-100 and 50 mg of ethylenediaminetetraacetate per 100 mL. Only palmitic acid and arachidic acid could not be so dissolved; these we dissolved in 5 mL of isopropranol, then diluted to 100 mL with water containing 2 g of Triton X-100 and 50 mg of ethylenediaminetetraacetate per deciliter.
Albumin-sodium palmitate standard solutions were prepared according to the procedure of Soloni and Sardina (6). We used essentially fatty acid-free (Cohn Fraction V) bovine albumin (no. A-6003; Sigma Chemical Co., St. Louis, MO 63178).
Interference studies.
To study the interference of phospholipids, we used a solution of L-a-phosphatidylcholine from egg yolk (Type III-E: Sigma no. P-5388) in isopropanol.
Results
Optimum reaction time with reagent A and B in the enzymic procedure.
We incubated 25 iL of three different standard dilutions and also of three sera with normal concentrations of FFA and triglycerides with reagent A for 5 to 60 mm. We then added reagent B, incubated again for 10 mm and measured the absorbances. The same was done with 50 L of standard dilutions and sera with above-normal values of FFA and triglycerides. Mostly, the reaction with reagent A is complete within 5 mm (Figure 2A) . However, when 50 L of serum with above-normal values for FFA and triglycerides We also incubated 50 tL of serum or standard with different FFA concentrations for 10 mm with reagent A and then for 5 to 60 mm with reagent B (Figure 2B ). The absorbance stopped increasing within 5 mm. Afterwards, a slight but significant (p <0.01) mean decrease of 0.019 A was found when serum was analyzed; the absorbance of standards did not decrease.
Linearity of the enzymic reaction.
With the enzymic procedure we measured various quantities (0-50 giL) of serum with a FFA concentration of 0.44 mmol/L and also of the 0.5 mmol/L standard solution and found the reaction to be completely linear. The points indicating the absorbance obtained for a given sample volume fell on a straight line with correlation coefficients of 1.000 both for the serum and the standard. Accordingly, we used 25 zL of sample for analysis unless stated otherwise.
Specificity
of the methods for determination of several long-and short-chain fatty acids and of other acids. Weanalyzed several long-and medium-chain fatty acids, dissolved in extraction solvent or in Triton X-100, in concentrations of 1 mmol/L, with the chemical or enzymic methods, calibrating with oleic acid as standard ( Table 1 ). The enzymic method was specific for all analyzed fatty acids with a carbon chain length between 6 and 20, independent of the degree of unsaturation. In the chemical method nearly all these fatty acids could be determined accurately except for caproic acid (six carbon atoms).
We also analyzed 1 mmol/L solutions of different short-chain fatty acids and of other acids: acetic, citric, butyric, propionic, lactic, oxalic, pyruvic, and /3-hydroxybutyric acid. We encountered no interference with the enzymic procedure, and less than 5% interference with the chemical procedures.
Analytical
recovery. Three different quantities of oleic acid or palmitic acid were added to three sera with different concentrations of FFA. The mean quantity of added fatty acid accounted for analytically was 100% (SD 3%) for all three procedures (n = 9).
Interference
of phospholipids with the three methods. We therefore compared standards dissolved in different solvents. In the enzymic method, palmitic acid standards dissolved in isopropanol:Triton X-100 (2 g/100 mL), 1:9 by vol, resulted in 2% higher absorbances than palmitate standards dissolved in albumin-NaOH solution. In the method of Noma eta!. these standards showed absorbances within 1% of the values obtained with pahnitic acid standards dissolved in extraction solvent. In the method of Chrom' eta!. the absorbances obtained for the standards of palmitic acid dissolved in extraction solvent or in Triton X-100 were similar, but those obtained for two albumin-sodium pahnitate standards were 3.4% higher. These values were obtained in both cases by evaluations performed on two days.
Comparison of values obtained for serum with the three procedures.
During three days we analyzed a total of 50 sera by the three procedures, using pahnitate standards dissolved in albumin-NaOH solution ( Table 2 ). The linear-regression 
Discussion
The enzymic method for determination of FFA evidently is precise and also rather specific and accurate. Fatty acids with a chain length between 9 and 20 carbon atoms can be analyzed accurately independent of the degree of unsaturation; short-chain fatty acids, keto acids, and some other acids did not interfere, in agreement with results of others (7) . Also, a negligible interference was found for L-a-phosphatidylcholine. Using essentially the same procedure, Shimizu eta!. /L (4, 7) .
Reports on the accuracy of enzymic FFA analysis are conficting. Lower, similar, arid higher results as compared with chemical extraction methods have been found (1, 7, 9) . There are several possible explanations for this. The accuracy of the chemical extraction methods used as reference may be questionable. Furthermore, too-low values obtained by the enzymic methods can be ascribed to the inability of the acyl CoA synthetase to react with fatty acids with more than 20 carbon atoms, which usually compose <10% of the serum FFA (7). Other reasons for too-low values by the enzymic methods have also been proposed (7) . Values higher by approximately 20% were found by Okabe et a!., ascribed to hydrolysis of serum triglycerides during incubation with reagent A. However, in their experiments, only a few percent hydrolysis was seen during the first incubation of serum with reagent for 30 mm (1), findings that seem to be in agreement with ours. We also noticed a slight but unexplained increase in the absorbance on extending the incubation of serum from 10 mm to 60 mm. We could show that hydrolysis of triglycerides is not likely to be the reason for a large bias in the enzymic methods. Firstly, results by the enzylnic method and those by the method of Chrom9 et al. corresponded
well. Secondly, the difference between results obtained by the enzymic method and by the Noma et a!. procedure did not correlate with the concentration of triglycerides in the sera. Thirdly, the slight increase in absorbance that we observed between 15 and 60 mm of incubation with reagent A was independent of the triglyceride concentration of the sera. Furthermore, incubation of sera with different concentrations of triglycerides in the presence of heparin or Triton X-100, or both, for 15 mm at 37 #{176}C did not result in an increase of the apparent FFA concentration.
In conformity with the results of Chrom eta!. (3) we found that the NaC1 concentration in the copper reagent slightly influences the accuracy of the FFA values. In the Noma et a!.
procedure (2) , in which more NaCl is used during the extraction, values were slightly lower, although recoveries of different fatty acids were complete (±3%). Varying the concentration of NaCl can result in either more or less interference by phospholipids with the chemical methods (5) . However, as mentioned earlier, we found that the interference caused by a physiological concentration of phospholipid with both chemical procedures was similar in both modifications and negligible. In contrast to the findings of Soloni and Sardma (6) and Chrom9 et al. (3) , we did not find that the use of albumin-sodium palmitate solutions improved the accuracy of the chemical extraction methods. We obtained almost similar absorbances when palmitic acid was dissolved in extraction solvent, in isopropanol + Triton X-100, or in NaOH-albumin and analyzed with both chemical procedures.
In the enzymic method, use of palmitate standards dissolved in albumin-NaOH resulted in 2% lower absorbances than standards dissolved in isopropanol + Triton X-100. This does not support the suggestion of Shimizu et al. (7) that lower results by enzymic analysis could be ascribed to different analytical behavior of FFA standard, either free or bound to protein.
The duration of the incubation with reagent A or B in the enzymic method is of some importance to the accuracy of the enzymic method. In this study we incubated for 10 mm with reagent A and again for 10 mm with reagent B. Prolonging the incubation with reagent A or B from 10 nun to 60 min resulted in a 13% increase or a 9% decrease of the FFA values, respectively.
On the basis of our results we can recommend both the enzymic and the Chrom' procedure for determination of FFA in serum. The enzymic procedure is rather expensive, but FFA in serum is easily determined.
This procedure can be automated, thus making possible a more economical use of the reagent. The chemical method, on the other hand, is inexpensive but in our opinion precise results can only be obtained by skilled personnel. To obtain precise results we did not find it necessary to use filter paper pads as proposed by Soloni and Sardina (6) . But it was of great importance to keep the glass tubes and pipettes used for the extraction separate from those used for the color reaction. Soaking the glassware in strong acids was then not necessary. A drawback is that the determination is two or three times more time-consuming.
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